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MAGNETIC STEILEOTACTIC SYSTEM FOR TRE ATMENT DELIVERY 
Background of the Inventio n 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation of U.S. Patent Application Serial No. 08/96,214, 
filed July 9, 1993, now U.S. Patent No. 5,779,694, which is a continuation of Application 
Serial No. 07/904,032, filed June 25, 1995, now abandoned, which is a division of U.S. Patent 
Application Serial No. 07/463,340, now U.S. Patent No. 5,125,888. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to an apparatus for delivering treatment to a specific locafion in 
a portion of the body and the method of using this apparatus to achieve this treatment 
delivery. More specifically, this invention relates to the use of a magnetic object to achieve 
this treatment delivery to tlie specific location in the body part. 
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2. Prior Art 

Current treatment delivery techniques used for the treatment of many illnesses, 
especially neurological disorders, are suboptimal. The major limitations to existing methods 
5 result from lack of regional specificity within the body portion bemg treated. This lack of 
regional specificity refers to the inability to cause drugs, etc. to localize to specific regions 
most affected by the disease being treated. 

This IS especially true of the brain. As an example, in Parkinson's disease 
10 dopaminergic innervation of a specific subcortical structure called the striatum is lost. 
Pharmacologic therapy is intended to restore dopamine function in the striatum, but in 
practice pharmacologic agiints are given systemically, resulting in the entire brain being 
bathed in these chemicals. It is thought that many of the serious side effects observed with 
conventional therapy result from unnecessary pharmacologic stimulation of normal bram 
15 outside the targeted region (sfriatum). Another example is temporal lobe epilepsy. In this 
disorder only one portion of the brain displays abnormal electrical activity, but current 
treatments involve exposing the entire brain to potentially toxic drugs. 

The bram presents an additional major limitation to existing methods due to the 
20 inability of the drugs to pass through the blood brain barrier. The blood brain barrier (BBB) 
refers to the unique permeability properties of the cerebral vasculature. Unlike systemic blood 
vessels, cerebral vessels are generally quite impermeable, thus the term BBB. Many drugs 
that pass easily through systemic blood vessels cannot pass through the BBB and enter the 
brain. This dramatically njduces the ability to deliver the desired drugs to the brain. An 
25 example of this is Parkinson's disease. The molecule that is lost in this disorder is dopamine. 
Ideally the disorder would be treated by delivering dopamine to the brain. However, the BBB 
is impen-neable to dopamine and this agent cannot be used systemically, that is orally or 
intravenously. Instead, a less optimal strategy has been adopted of providing a BBB 
permeable precursor to dopamine synthesis, L-DOPA. 

30 

The invention described below has been designed to circumvent the shortcomings of 
conventional therapy and to provide an ideal treatment delivery system for the treatment of 
diseases, especially focal neurological disorders. 



35 
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SUMMARY OF THE INVI^NTION 

With this invention, treatment such as with drugs will be chronologically and directly 
5 delivered to specific locations in a particular body part by way of a magnetically guided, 
treatment carrier means. 

In one embodiment of the invention, the treatment carrier means is a polymeric 
implant with a linear, string:-lilce configuration that presents a very small cross-sectional area 
10 as it is led through the body by a thin leading magnet. The polymer string is also very flexible 
so that the trailing string follows precisely the leading magnet as it is directed along the body. 
This flexibility results in tfie polymer string sliding along the tunnel created by the leading 
magnet. 

1 5 In another embodiment, this treatment carrier means is a flexible gelatin structure or a 

flexible hollow biodegradable tube which encases the drug or a slurry of cells. 

In another embodiment, the treatment carrier means is an implant sheath device with 
a permeable region which is placed within the specific body location and a nonpermeable 
20 region. The distal end of th(J nonpermeable region remains at the surface of the body. A pump 
may be attached to the distal end and treatment infused to determine an appropriate dose- 
response calculation. This treatment may be chronologically pumped, infused or, preferably, a 
semi-permeable membrane catheter filled with the treatment is magnetically placed inside the 
implant sheath device. 

25 

In the preferred embodiment, the magnetic means has an approximately 2 mm cross- 
sectional diameter and has a torpedo-like shape. 

The treatment carrier means is attached to the magnetic object by a connection means 
30 so that, when the treatment carrier means is located in the specific location, the magnetic 
object and treatment carrier means may be separated. This connection means could consist of 
a heat-soluble biodegradable connector link so that the magnetic object could be inductively 
heated and cause the m(;lting of this heat-soluble biodegradable connector link. This 
connection means could als;o be a spring-mechanical mechanism so that the magnetic object is 
35 disconnected from the treatment carrier means by a simple magnetic pulse sequence. Other 
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types of connection means are also envisioned for connecting and later separating the 
magnetic object from the treatment carrier means. 

This apparatus and method are especially useful to chronically and directly deliver 
5 drugs or a slurry of cells to jjiecise regions of the brain. The flexibility of the treatment carrier 
means allows it to follow precisely the leading magnet as it is directed along the uneven 
contours of the brain targe^t region. This flexibility results in the treatment carrier means 
sliding along the tunnel created by the magnetic object and assuming a final position and a 
shape that precisely follows the convoluted volume of the brain target. 

10 

The preferred ma^;netic guidance system is found in U.S. application Ser. No. 
167,217 entitled "HGR Video Tumor Fighter", and this apparatus and method are 
mcorporated herein. The ability to precisely manipulate a small intracranial magnetic object 
has already been demonstrated using the HGR Video Tumor Fighter system. Basically, an 

15 electromagnet is positioned outside of the body part for producing a magnetic field which 
captures the magnetic objec^t. This electromagnet may be either a simple coil system attached 
to a robotic arm which ir.oves the electromagnet adjacent the body part, or a multicoil, 
superconducting electromg gnet system surrounding the body part. In either case, the 
robotically moved electromagnet or multicoil electromagnet system moves the magnetic 

20 object within the body part to a desired location. A computer controls either the robotic arm 
or the multicoil current magnitudes and directions. The computer also provides visualization 
for observing the location and movement of the magnetic object and treatment carrier means. 

The advantages of this invention with treatment delivery to precise regions of the 
25 brain are as follows: 

1. The BBB is bypassed. By delivering drugs or cells directly into brain tissue, 
access is gained to the targeted tissue without having to pass through a blood 
vessel and across the BBB. 

30 2. Drugs or cells are delivered to the specific targeted subregion of the brain. 

As the dnjgs are released from the polymer, they diffuse to immediately 
adjacent brain regions but do not unnecessarily expose the remainder of the 
brain. 



3. Drugs are released chronically in a controlled release fashion. Polymeric 
compounds can be designed to release the drug over a period of many months 
or several years. 

4. Optimal dispersion of polymer is achieved by remote, non-linear magnetic 

5 manipulation. Most brain structures that will be desired treatment delivery 

targets have non-linear contours. As an example, one element of the striatum 
is arranged in the shape of a "C". Given a fixed volume of polymer, the ideal 
dispersion i:onfiguration would maximize the ratio of: target volume within 
diffusion di stance of poIymer)/(degree of mechanical displacement of target 
1 0 volume by polymer implant). 

5. A thin string of poljoner contoured exactly to the non-linear configuration of 
the subcortical target structure maximizes this ratio. Remote manipulation is 
the only means by which to safely achieve this final configuration. 

6. The procedure will be safe, simple and quick. Experience to date with the 
1 5 HGR Video Tumor Fighter supports the contention that the procedure can be 

performed under local anesthetic with a very low complication rate. 
Precision magnetic movements with accurate brain imaging techniques can 
be achieved. This treatment delivery technique can be used to treat a wide 
variety of neurologic disorders. Examples include neurodegenerative 
20 disorders (e.g. Parkinson's disease, Alzheimer's disease) where 

neurotransmitter replacement therapy would be administered, and focal 
epilepsy where antiepileptic drugs or inhibitory neurotransmitters would be 
delivered to the sites of the seizure focus. 

Other advantages and features of the invention will be apparent from the disclosure, 
25 which includes the above and ongoing specification with the claims and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 A and IB show diagrams of the skull fiducial marker system. 

30 

FIGS. 2A and 2B illustrate the fluoroscopic images (AP+LAT) from the skull fiducial 
marker system. 



6 

FIG. 3 illustrates a irontal view of an embodiment of the magnetic stereotactic system 
computer control terminal. 

FIG. 4 shows an embodiment of the magnetic drive and fluoroscopic imaging 
5 components of the magnetic stereotactic system with a patient in position. 

FIGS. 5A-5D illustiate another embodiment of a magnetic drive system of the present 
invention using superconducting drive magnets. Specifically, FIG. 5A shows a right lateral 
view of this system; FIG. 5B shows an overhead view of this system; FIG. 5C shows a rear 
10 view of this system; and FIG. 5D shows a frontal view of this system. 

FIG. 6 shows a lateral view of the embodiment of the magnetic drive system of FIG. 
5 with the walls cut-away to show the superconducting drive magnets. 

15 FIG. 7 illustrates an off-axis view of a patient's head in the embodiment of the 

magnetic drive system of FIGS. 5A-D. 

FIG. 8 illustrates another off-axis view of the superconducting coils positioned 
around the patient's head without the cryostat being depicted. 

20 

FIG. 9 shows one embodiment of a flexible treatment carrier means. 

FIG. 10 illustrates an embodiment of a membrane implant which can be inserted into 
the carrier means shown in FIG. 9. 

25 

FIG. 1 1 shows one embodiment of the present invention, using the flexible treatment 
carrier means shown in FIG. 9. 

FIGS. 12A-D illustrate the embodiment of the invention shown in FIG. 1 1 being 
30 magnetically directed into the striatum of the brain. Specifically, FIG. 12A shows the leading 
magnet placed on the brain surface; FIG. 12B shows the magnetic carrier complex being 
magnetically directed into the striatum of the brain; FIG. 12C illustrates the release of the 
leading magnet and it being magnetically directed out of the brain; and FIG. 12D illustrates 
how the temporal lobe end of the sheath of the present invention is secured to the dura by way 
35 of the flange. 
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FIG. 13 illustrates, the membrane implant coupled to a leading magnet by a 
connecting means. 



FIGS. 14A-D illusixate the placement of the membrane implant shown in FIG. 13 
5 being magnetically directed into the flexible treatment carrier means shown in FIG. 9. 
Specifically, FIG. 14A shows the leading magnet placed into sheath lumen; FIG. 14B shows 
the magnetic carrier complex being directed into the sheath; FIG. 14C illustrates that the 
leading magnet has been disconnected and directed out of the frontal lobe of the brain; and 
FIG. 14D shows a partial enlargement of the membrane implant within the implant sheath 
10 device. 

FIGS. 15A-D illustrate another embodiment of the magnetic carrier being 
magnetically directed into the striatum of the brain. Specifically, FIG. 15A shows the leading 
magnet placed on the brain surface; FIG. 15B shows the magnetic carrier complex being 
15 directed into the tail of the caudate nucleus in the striatum of the brain; FIG. 15C shows the 
magnetic carrier complex advancing within the volume of the caudate nucleus; and FIG. 15D 
illustrates the magnetic carrier in its final position within the caudate nucleus in the striatum 
of the brain. 

20 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to the drawings, FIGS. lA-B diagram the skull fiducial marker system. A 
patient's head 1 is shown ^mth fiducial skull markers 3 (radiopaques). In this instance, five 
25 markers are depicted. 

FIGS. 2A-B show fluoroscopic images (AP+LAT) from the skull fiducial marker 

system. 

30 FIG. 3 shows an embodiment of the magnetic stereotactic system computer control 

terminal. The surgeon (not shown) faces three screens 5, 7, 9 of displays 19, 21, 23, showing 
CT scan images 1 1, 13, 15 of the brain 25 and the location of the magnefic carrier 17. CT scan 
image 11 is a sagittal view of the brain 25. CT scan image 13 is a horizontal view of the brain. 
CT scan image 15 is a coronal view of the brain. 

35 
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The computer console 29 of computer 27, as controlled by terminals 3 1 and guided 
controls 33 operated by a surgeon (not shown), steers the magnetic carrier 17 through the 
brain to the desired location. 



5 The computer 27 is used to record physiological data of the brain from MRI and/or 

CT scans and angiograms, and is used to store and reproduce the data to form the images 1 1 , 
13, 15 of the brain 25 on the screens 5, 7, 9, and is used to correlate the real time imaging of 
the magnetic carrier 17 with the previous recorded data and to currently display the images. 

10 FIG. 4 illustrates one embodiment of a magnetic drive 35 and the fluoroscopic 

imaging components of the magnetic stereotactic system with patient 37 in position. The 
patient's head 1 is held in place by an immobilizing head holder 39. The magnetic drive 
components 35 consist of a superconducting drive magnet 41, which is pivotally connected at 
its ends 43, 45 to a holder 47. Holder 47 is pivotally connected at 49 to a robot control arm 

15 51. This allows the drive magnet 41 to be robotically positioned to direct the magnetic carrier. 



The fluoroscope irr aging component consists of automated biplanar fluoroscopes 53, 
55, and fluoroscreens 57 and 58. The fluoroscopes 53, 55 are perpendicularly oriented. 

20 FIGS. 5A-D show a second embodiment of the magnetic drive comprising a 

multicoil, superconducting electromagnet system 87 which surrounds the body part. With this 
embodiment, changing the current in the multicoil, superconducting electromagnets direct the 
magnetic carrier within the body part to a desired location. 

25 FIG. 5A shows the right lateral view of the multicoil, superconducting electromagnet 

system 87 comprising a cryostat 89 which houses the multicoil, superconducting 
electromagnets (not shown). Attached to cryostat 89 is an inferior X-ray detector 91 and a left 
lateral X-ray detector 95. The inferior X-ray detector 91 and left lateral X-ray detector 95 are 
phosphorous screens. The cryostat 89 has a side port 93 which allows X-rays from the right 

30 lateral X-ray emitter (not shown) to pass through. The left lateral X-ray detector 95 processes 
the X-rays from the right lateral X-ray emitter. The multicoil, superconducting elecfromagnet 
system 87 also includes an overhead X-ray emitter 97. The inferior X-ray detector 91 
processes the X-rays from the overhead X-ray emitter 97. FIG. 5A further shows platform 88 
on which the patient 90 lays while the multicoil superconducting electromagnetic system is 

35 being used about the patient's head 1 . 
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FIG. 5B shows an overhead view of the multicoil, superconducting electromagnetic 
system, which includes the right lateral X-ray emitter 99. This view also shows that attached 
to the cryostat is the left lateral X-ray detector 95. The cryostat 89 is also shown with the 
overhead port 101, which allows X-rays from the overhead emitter to pass through the 
5 cryostat. 

FIG. 50 shows a rear view of the multicoil, superconducting electromagnetic system, 
which shows that the inferior X-ray detector, which is attached to the bottom of the cryostat, 
is opposite the overhead X-ray emitter 97 and left lateral X-ray detector 95, which is opposite 
1 0 the right lateral X-ray emitter 99 . 

FIG. 5D illustrates a frontal view of the multicoil, superconducting electromagnetic 
system, which shows the o\'erhead X-ray emitter 97, the right lateral X-ray emitter 99, and the 
left lateral X-ray detector 95. This figure also shows the opening 103 in the cryostat in which 
1 5 the head I of the patient 90 passes through, so that only the head is exposed to the X-rays. 

FIG. 6 shows a lateral view of the cryostat 89 with the cryostat wall cut-away to 
expose the superconducting electromagnetic coils 107. 

20 FIG. 7 shows an off-axis view of patient 90 in the cryostat 87. As can be seen in this 

figure, the patient's head 1 rests on the inferior X-ray detector 91 and faces upward towards 
overhead port 101. 

FIG. 8 shows an off-axis view of the superconducting coils 107 positioned about the 
25 patient's head 1. The cryostat has been removed in order to show the structure of the 
superconducting electromagnetic coils 107. 

FIG. 9 shows ar. embodiment of the flexible treatment carrier means. This 
embodiment is an implant sheath device 109 which has a permeable region 111 and a non- 
30 permeable region 113. The permeable region 111 allows all macromolecules to pass through 
the sheath device, but does not allow cells to pass. The non-permeable region 113 serves 
simply as a transport tube. A flange device 1 15 is sewn to the distal end of the non-permeable 
region 113 of the implant sheath device 109. This flange device allows the transport tube to 
be capped. The implant sheath device bends easily without kinking, and the sheath wall is 
35 very resistant to compressing or collapsing forces. The sheath remains wide open, even when 
empty and surrounded by the body part. The internal surface of the implant sheath device is 
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very smooth, allowing easy passage of a membrane implant (FIG. 10). The sheath wall is less 
than about 0.3 mm thick, and the outer diameter of the sheath is approximately 3.0 mm. When 
this is to be used within the striatum of the brain, the length of the permeable region 1 1 1 and 
non-permeable region 1 13 are approximately 8 cm in length. 

5 

FIG. 10 illustrates an embodiment of the membrane implant 117 which can be 
inserted into the implant sheath device. The membrane 117 has semi-permeable region 119 
and a retrieval tail 121, which attaches to a cuff 123. The cuff 123 is attached at the distal end 
of the semi-permeable region 119. The implant region 117 is flexible, will not rupture and 

1 0 will not stick within the imjjlant sheath device. In one embodiment of the membrane implant, 
the membrane has a cross-si;ctional diameter of approximately 2 mm. As shown in this figure, 
cuff 123 is inflated. When inflated, the cuff 123 prevents diffusion of substances into the non- 
permeable region of the implant sheath device. The retrieval tail 121 has attached to its distal 
end an infusion port 122. The retrieval tail 121 is hollow so that air placed into the infusion 

15 port 122 enters the retrieva: tail 121 to inflate cuff 123. When the membrane implant is used 
for transporting treatment to the striamm of the brain, preferably the semi-permeable 
membrane region and retrieval tail 121 are approximately 8 cm in length. 

FIG. 1 1 shows the implant sleeve device 109 connected to the leading magnet 61 by 
20 connecting means 65. In this figure, the connecting means is a heat-sensitive polymer. 

FIGS. 12A-D illustrate the placement of the implant sleeve device into the striatum of 
the brain. 

25 FIG. 12A shows the implant sleeve device 109 connected to the leading magnet 61. 

This magnetic-coupled implant sheath is placed on the surface of the middle temporal gyrus 
125 of brain 25. 

FIG. 12B shows the sheath after it has been magnetically directed into the striatum 71 
30 ofthe brain 25. 

FIG. 12C shows the leading magnet after it has been released with RF heating pulse 
and has been magnetically directed out ofthe frontal lobe 77 of brain 25. 
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FIG. 12D shows tlie attachment of flange device 115 to the distal end of the non- 
permeable region 113 which allows flange device 115 and the implant sleeve device to be 
sewn to the dura 129 by sutiares 131. 

5 FIG. 13 shows the membrane implant 117, which comprises the semi-permeable 

membrane 119, a cuff 123, a retrieval tail 121 and infusion port 122, coupled to the leading 
magnet 118 by connecting means 116. In this embodiment of the membrane implant, the 
connecting means is a heat- sensitive polymer. Also in FIG. 13, the cuff 123 is deflated. 

10 FIGS. 14A-D shov/ the placement of the membrane implant 117 into the implant 

sleeve device 109. 

FIG. 14A shows the leading magnet 1 18 is placed into the sheath lumen 128. 

15 FIG. 14B shows that the membrane implant has been magnetically directed fully 

within the sheath. 

FIG. 14C shows that the leading magnet 118 has been disconnected and has been 
magnetically directed out of frontal lobe 77 of brain 25. 

20 

FIG. 14D shows an enlargement of the membrane implant 1 17 within the implant 
sheath device 109. As shown in FIG. I4D, the cuff 123 is inflated, the infusion port (not 
shown) is filled with air which inflates the cuff through the infusion lumen 124 which 
connects to the cuff 123. The inflated cuff prevents seeping of chemicals into the 
25 nonpermeable region of the implant sheath device. 

FIGS. 15A-D graphically depict another embodiment of the magnetic carrier being 
magnetically directed into the striatum 71 of brain 25. The magnetic carrier 17 consists of a 
leading magnet 61 and a flexible treatment carrier means, which is shown in FIGS. 15A-D as 
30 being a string polymer 63. This carrier means is connected to the leading magnet by a 
connecting means 65. 



35 



FIG. 15A shows the magnetic carrier 17 placed on the brain surface 73 near the 
occipital lobe 75 of brain 25. Also shown in FIG. 15A is caudate nucleus 79 of caudate 81 
found in the striatum 71 of brain 25. Also shown is frontal lobe 77 of brain 25. 
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FIG. 15B shows the magjietic carrier 17 entering the tail 83 of the caudate 81. 

FIG. 15C illustrates, the magnetic carrier 17 being advanced within the volume of the 
caudate nucleus 79. In FIG. 15D, the magnetic carrier 17 is shown in its final position. 

5 

FIG. 16 shows a reservoir 124 and pump means 125 supplying directly to the area 
which requires necessary treatment. 

The following is an example of how this system works and some variations on the 
10 design of the apparatus used in this method. Although this example describes using this 
method in the brain, this method is easily adapted for use with other body parts. 

Radiopaque fiducial markers are placed into the patient's skull, as with a standard 
HGR Video Tumor Fightei operation. These markers serve as a reference system by which 

15 the magnetic stereotactic system computer correlates fluoroscopic and CT images. Next, a 
Standard CT or MRI scan is obtained and the subcortical target volumes are identified. These 
data are incorporated and analyzed by computer. Three-dimensional coordinates occupied by 
vascular structures, tumor, or eloquent areas of brain are recorded. The eloquent areas of brain 
are identified using a conventional stereotactic atlas and the loci for these structures are 

20 programmed into the software. This information is then resynthesized and projected as a 
video image on one or more screens facing the surgeon. 

This image recreates the spatial relationship between the position of the magnetic 
carrier and the previously mentioned areas of importance in a form that can be understood by 
25 the surgeon and enables him to avoid zones of danger and minimize damage as he makes his 
approach to the region of 
treatment. 

After imaging is complete, an incision is made through the scalp, a burr hole is 
30 drilled, dura reflected and tlie leading magnet is placed on the exposed brain with the polymer 
string attached. The surgeon takes his position at the controls facing the video screen. The 
drive magnet is positioned and activated, creating a magnetic gradient which causes the 
magnetic carrier to move. Direction of movement and real-time localization of the magnetic 
carrier is achieved using automated biplanar fluoroscopes. The computer rapidly performs 
35 triangulation calculations with the fluoroscopic data to locate the magnetic carrier. Magnetic 
carrier location informatiori is presented to the surgeon as a video image of the preoperative 
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CT or MRI scan with a superimposed image of the magnetic carrier. The large drive magnet 
positioned outside the patient's head is oriented by a robotic device controlled by the surgeon. 
Alternatively a multicoil magnet with various component currents controlled by the surgeon 
through a computer representation performs the same function. The computer continuously 
5 calculates the magnitude ar d direction of magnetic field gradient of the drive magnet (using 
either a measurement of its current or appropriate measurements of the magnetic field) at the 
location of the magnet carrier leading magnetic, and presents a representation on the screen(s) 
of the direction and strengthi of the force applied to the magnetic carrier's leading magnet. 

10 By adjusting the position and current of the drive magnet, and observing the 

movement of the magnetic carrier on the video screen(s), the surgeon is able to precisely 
direct the magnetic carrier through the brain. 

As the leading magnet of the magnetic carrier travels through the brain, the flexible 
15 polymer string follows behind, sliding through the small tunnel that has been created by the 
leading magnet. The surgeon directs the leading magnet into one end of the target structure, 
then travels throughout the convoluted target volume until the polymer sti-ing is left draped 
along the entire structure. AX that point the leading magnet is mechanically disconnected from 
the polymer string. Techniques that may be used to execute this disconnection would include 
20 inductively heating the leading magnet to cause melting of a heat-soluble biodegradable 
connector Imk, disconnection by a spring-mechanical mechanism triggered by a simple 
magnetic pulse sequence, or other methods. 

After the polymer string has been positioned properly and released, the disconnected 
25 leading magnet is carefully directed back to the burr hole and removed. For treatment delivery 
applications where the potential for adverse side effects due to drug overdose exist, additional 
safety measures would be included to allow easy retrieval of the polymer. This would include: 
1) placing one polymer string initially with the leading magnet left in place for a short period 
of observation. Should adverse effects be noted, the polymer is then magnetically directed out 
30 of the head. 2) Designing a very thin retrieval tail to the polymer implant. This retrieval tail 
would be biologically inert, and remain anchored to the skull surface after the polymer string 
has been placed. Should adverse effects be noted the retrieval tail would be used to gently pull 
the polymer string out of the brain. 
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In another embodiment, the treatment carrier means will consist of a flexible gelatin 
structure or a flexible hollow biodegradable tube which encases a slurry of cells, such as fetal 
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cells, which will be carried :o the specific location in the body part. Since this carrier means is 
flexible, the carrier means may be configured to limit the area into which the cells will be 
released, which will limit the cell growth to that specific location in the body part. This will 
allow the cells to grow where they are needed in order to produce the necessary treatment, 
5 such as producing a needed drug, while avoiding interference with cell growth in other parts 
of this particular body location. This slurry of cells will consist of fetal neurons or genetically 
engineered cells. This slurr,' of cells may also be loaded into a hollow, flexible, biodegradable 
string. 

10 A further embodiment of this treatment carrier means is a flexible implant sheath 

device. Again, this flexibili ty of the treatment carrier means allows the implant sheath device 
to be configured in a non-linear fashion throughout a specific location in this particular body 
part. A distal end of this implant sheath device remains at the surface of the body and is 
attached to a pump system and reservoir. This allows the treatment to be pumped directly to 

1 5 that area which requires this necessary treatment. 

Alternatively, a semi-permeable membrane implant that is filled with the drug may be 
substituted for the pump. This membrane implant will be magnetically placed inside the 
implant sheath device and will release drugs in a highly controlled manner. 

20 

Additionally, in another embodiment of this treatment carrier means, the treatment to 
be delivered is incorporatec. into the polymer string itself during the synthetic process. 

The method and apparatus incorporates delivery of all forms of treatment, including 
25 drugs, proteins and neurotrcjphic compounds. 

While the invention has been described with reference to specific embodiments, 
modifications and variatioris of the invention may be constructed without departing from the 
scope of the invention, which is described in the following claims. 
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What IS claimed is: 

1 . A magnetic stereotactic system for treatment delivery, the system comprising: 

a plurality of magnetic coils arranged to at least partially to surround a body part and generate 
a changeable magnetic field to guide a magnetic object within the body part; 

at least one x-ray source and at least one x-ray detector on opposite sides of the body part, and 
outside the magnetic coils but aligned with the magnetic coils to provide images of the body 
part that is partially surrounded by the coils. 

2. The magneic stereotactic system according to claim 1 wherein there are at 
least two x-ray sources and at least two x-ray detectors, each x-ray source being aligned with 
one of the x-ray dectectors on a line that extends through at least one of the coils. 

3. The magnetic stereotactic system according to claim 2 wherein there is a first 
x-ray source aligned with a first x-ray detector along a first line, and a second x-ray source 
aligned with a second x-ray detector along a second line, and wherein the first and second 
lines are mutually perpendii:ular. 

4. A magnetic stereotactic system for treatment delivery, the system comprising: 
a plurality of hollow magnetic coils having generally central openings, the coils being 
arranged to surround a body part and generate a changeable magnetic field to guide a 
magnetic object within the body part; 

at least one x-ray source and at least one x-ray detector on opposite sides of the body part, and 
outside the hollow magnetic coils but aligned with their central opening to provide images of 
the body part inside the coi ls. 

5. The magnetic stereotactic system according to claim 4 wherein there are at 
least two x-ray sources and at least two x-ray detectors, each x-ray source being aligned with 
one of the x-ray dectectors on a line that extends through at least one of the coils. 

6. The magne:tic stereotactic system according to claim 5 wherein there is a first 
x-ray source aligned with a first x-ray detector along a first line, and a second x-ray source 
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aligned with a second x-ray detector along a second line, and wherein the first and second 
lines are mutually perpendicular. 

7. A method of magnetically navigating a medical device coupled to a magnet 
through a body part a specilic location within the body part, the method comprising: 

at least partially suirounding the body part with a plurality of magnetic coils arranged 
5 to generate a changeable magnetic field to guide the magnet coupled to the medical device 
within the body part; 

displaying images of the body part and the location of the medical device therein 
from at least one x-ray source and at least one x-ray detector positioned on opposite sides of 
10 the body part, the x-ray source and detector being outside the magnetic coils but the path 
between the at least one x -ray source and its associated detector being aligned with at least 
one of the coils to provide images of the body part partially surrounded by the coils; 

changing the magnetic field created by the coils to move the medical device toward 
15 the specific location in the body based on the present location of the medical device as 
revealed on the displayed image. 

8. The methcid according to claim 7, wherein the step of displaying images of 
the body part and the location of the medical device therein comprises displaying images from 
two mutually perpendicular planes. 

9. The method according to claim 7 wherein the magnetic coils are generally 
hollow, having a generally central opening, and wherein the x-ray source and the x-ray 
detectors are aligned with the generally central opening of the coils. 

10. A method of delivering medical treatment to a specific location in the body, 
the method comprising the steps of: 

providing a medical treatment device coupled to a magnetic object, the medical 
5 treatment device having a "hin elongate portion; 



17 

moving the medical treatment device within the body to the specific location in the 
body by applying a magnetic field to move the magnetic object coupled to the medical 
treatment device, leaving the thin elongate portion in the path through the body; and 

10 

removing the medical treatment device from the body by pulling the thin elongate 
portion to pull the medical treatment device from the body. 

11. A method of delivering medical treatment to a specific location in the body, 
the method comprising the steps of: 

temporarily coupling a magnet to a medical freatment device having a thing, elongate 

5 portion; 

moving the medic£.l treatment device within the body to the specific location in the 
body by applying a magnetic field to move the magnetic object coupled to the medical 
treatment device, leaving the thin elongate portion of the medical treatment device in the path 
10 through the body; 

decoupling the maj^iet from the magnetic treatment device, and removing the magnet 
from the body; and 

15 removing the medxal treatment device from the body by pulling the thin elongate 

portion to pull the medical xeatment device from the body. 
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MAGNETIC STEREOTACTIC SYSTEM FOR TREATMENT DELIVERY 
ABSTRACT OF THE DISCLOSURE 

A magnetic stereotactic system for treatment delivery includes a plurality of magnetic 
coils arranged to at least partially to surround a body part and generate a changeable magnetic 
field to guide a magnetic obj ect within the body part; and at least one x-ray source and at least 
one x-ray detector on opposite sides of the body part, and outside the magnetic coils but 
5 aligned with the magnetic coils to provide images of the body part that is partially surrounded 
by the coils. According to one embodiment, the medical treatment device has a thin elongate 
portion, and after moving the medical treatment device within the body to the specific 
location in the body by applying a magnetic field to move the magnetic object coupled to the 
medical treatment device, and leaving the thin elongate portion in the path through the body; 
10 the medical treatment device is removed from the body by pulling the thin elongate portion to 
pull the medical treatment device from the body. 
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